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Abstract 
 
The NASA Langley Research Center’s Experimental 
Test Range is an indoor anechoic compact range far 
field test facility used to conduct antenna and 
electromagnetic radiation measurements.  The 
Experimental Test Range was designed to simulate far 
field illumination in the facility test volume over a broad 
band of frequencies by collimating the RF energy from 
the 26 ft by 26 ft parabolic reflector.  The quality of the 
antenna and radiation measurements are dependent on 
the uniformity of the far field plane wave generated by 
the compact range reflector. While this facility is going 
through several upgrades, this report describes an 
assessment of the far field plane wave conducted after 
resurfacing the primary reflector to improve 
performance and extend the range of frequencies for 
which this facility can operate. This assessment 
addresses far field uniformity probe data measured in 
the test volume across the facility operational frequency 
bands. 
 
Introduction 
 
The NASA Langley Research Center Experimental Test 
Range (ETR) is an electromagnetic (EM) anechoic 
research facility that is designed to operate from 300 
MHz to 40 GHz to measure antenna and radiation 
phenomena.  The facility is 40 ft wide by 40 ft high by 
100 ft long and uses  a 26 ft by 26 ft parabolic reflector 
to collimate the transmit RF signal.  The plane wave test 
volume, or Quiet Zone, is located at the centerline of the 
chamber just downrange of the offset reflector focal 
point and antenna feed position.  The reflector generates 
a plane wave to provide far field test conditions.  The 
quality of the plane wave (uniformity in amplitude and 
phase) is established primarily by the precision of the 
reflector surface geometry and the alignment and 
radiation pattern of the transmit antennas.  The shape of 
the center portion of the reflector (nominally 13 ft by 13 
ft) is parabolic and gradually changes to an ellipse using 
a cosine blending function that forms a rolled edge  
(see Figure 1). The reflector surface tolerance geometry 
becomes more stringent with increasing signal 
frequency.  As wavelengths become shorter, reflector 
geometry irregularities and surface roughness can result 
in ripples (non-uniformity) in the far field Quiet Zone 
pattern.  
 
The facility is asymmetric with the feed antenna located 
on the left wall at the reflector parabola’s focal point.  
The reflector is oriented such that the collimated far 
field plane wave is focused and generally aligned on the 
centerline of the facility, both left to right and floor to 
ceiling. The center of the Quiet Zone is approximately 
in the center of the chamber length.  Figure 2 shows this 
arrangement. 
 
This report presents the Quiet Zone magnitude and 
phase data recently acquired after the reflector was 
resurfaced (Reference 1) to remove some imperfections 
that were affecting the field quality at higher 
frequencies above 24 GHz.  Data is presented from 0.3 
to 34 GHz using a variety of transmit and receive 
antennas, and provides a general sense of the Quiet Zone 
size and uniformity.  It should also be noted that, for this 
probe study, the backwall chamber doors were open to 
the model handling area because that wall was not 
populated with absorber.   
 
Acronyms 
 
dB  Decibels 
E Field Electric Field 
EM  Electromagnetic 
ETR  Experimental Test Range 
H Field Magnetic Field 
H-pol (HH)  Horizontally Polarized 
IF  Intermediate Filter 
NASA National Aeronautics and Space 
Administration 
ns  Nanoseconds 
RF  Radio Frequency 
S1  Source/Receive Port 1 
S2  Source/Receive Port 2 
S21  Transmit Port 1- Receive Port 2 
V-pol (VV)  Vertically Polarized 
 
ETR Facility Arrangement 
 
The ETR facility, as shown in Figure 2, is asymmetric 
with the feed antenna located on the left wall looking 
uprange at the reflector from the focal point.   
 
The backwall door, where test articles are inserted into 
the chamber, is approximately 30 ft high and 15 ft wide.  
For this probe study, this door was left open to minimize 
backscatter in the ETR chamber because the door was 
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not populated with absorber.  A picture of the open door 
is shown in Figure 3. 
 
The feed antenna assembly consists of a feed stand with 
precision positioning adjustments to vary the pointing 
direction of the transmit antenna and to enable placing 
the antenna phase center at the reflector parabola focal 
point. For most antenna setups, the antenna can be 
adjusted forward and backwards, left and right, and in 
azimuth and elevation.  Figure 4 shows a picture of a 
typical feed stand setup. 
 
 Reflector 
 
The reflector is a 26 ft by 26 ft parabolic shape in the 
center and transitions to a rolled edge ellipse using a 
cosine blending function (see Figure 1).  Images of the 
reflector are presented in Figure 5. The reflector is 
constructed of many panels that are connected to form a 
uniform 3-dimensional surface. The reflector surface is 
finished with conductive silver paint to form a 
continuous conductive reflecting surface. With the feed 
antenna radiating at the focal point of the parabolic 
reflector, the reflected energy is transformed from the 
near field illumination into a far field plane wave that 
illuminates the Quiet Zone, as show in Figure 6.   
 
 Reflector Resurfacing 
 
An assessment of the ETR Quiet Zone was conducted to 
determine whether the Quiet Zone field uniformity was 
adequate to support the testing of 3-meter diameter high 
gain antennas. The assessment was initiated in response 
to a new NASA mandate requiring that future deep 
space satellites utilize Ka band (31-33 GHz) frequencies 
for data communications to improve data transmission 
bandwidths. ETR is the only NASA compact range 
large enough to accommodate antennas of this size. 
 
The results of an RF and geometric study showed that 
the ETR reflector had some slight (± 0.050 inch) 
waviness in the parabolic region that reduced the field 
uniformity at Ka band frequencies.  An 18-month 
activity was subsequently conducted to rework the 
surface of the reflector and bring the surface to within 
±0.010 inch of the reflector’s “ideal” geometry.  
Reference 1 provides a description of the resurfacing 
activity.  The result of the resurfacing has improved the 
field uniformity at Ka band to within acceptable limits 
for high gain antenna qualification.  Data presented in 
this report was acquired after completion of the reflector 
resurfacing with the goal of characterizing the post 
resurfacing facility Quiet Zone.  
 
 Quiet Zone 
 
The Quiet Zone is located generally in the middle of the 
chamber approximately 38 ft down range from the 
reflector center and at 20 ft high off the chamber floor.  
The exact size of the Quiet Zone is a function of the 
radiation pattern of the transmission antennas and the 
performance of the reflector.  In this report, the Quiet 
Zone extent limits are defined as the linear cross range 
dimension at which the amplitude taper of the 
measurement does not exceed a ± 1 dB threshold and 
the phase variation is within ± 12 degrees.  Based on 
these  definitions, a 2 dB taper in the plane wave will 
result in the following measurement errors: the peak 
antenna gain will be reduced by 0.1 dB, the 3 dB 
beamwidth will be increased by 0.04 deg, and the peak 
side lobe level will be reduced by 0.1 dB (see Reference 
2).  
 
 Probe Arm 
   
To conduct the Quiet Zone field probing measurements, 
a receive antenna was translated linearly along a 14 ft 
mechanical actuator probe arm that was supported by a 
circular metal column on a floor rotator. Pictures of the 
probe arm assembly are shown in Figure 7. The 14 ft 
long prober arm has a translating antenna mounting 
plate to attach the receive antenna. The probe arm 
antenna mount carriage is belt driven by a motor 
employing a digital encoder capable of step sizes as 
small as 0.05 inches.  During data collection, samples 
are obtained uniformly across the length of the prober 
arm. Data presented in this report were collected in 
increments of 0.2 in to 1.0 inches. 
 
The prober arm is mounted to a gear box rotator to 
enable rotation of the prober arm in roll from 0 deg to ± 
90 deg at a height of 20 ft above the floor.  Figure 8 
defines the roll angle convention and locations. The 
entire probe arm assembly is mounted to a floor rotator 
to provide yaw adjustments when aligning with the 
transmit field. This floor rotator can provide 
adjustments to 0.001 deg. and is mounted to a support 
carriage that travels on linear rails, which enables 
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movement of the carriage in and out of the chamber (up 
and down range from transceiver) as needed.  The 
carriage and rails can be seen in Figure 7a. The ETR 
facility is equipped with other carriages that supports a 
swept pylon and a precision antenna 3 axis test support 
rig.  A sketch of the rail system components is shown in 
Figure 9. 
 
The entire probe assembly can be controlled and 
managed via custom LabVIEW software applications 
that issue instructions to the motor controllers through 
an RS232 serial interface. This same software manages 
the data acquisition hardware and can automate the data 
collection process. 
 
Probe Measurements 
 
Probe measurements were acquired at frequencies 
ranging from 0.3 to 34 GHz in both horizontal and 
vertical polarizations and at prober arm roll orientations 
from 0 to ± 90 deg every 15 deg in some cases. 0 deg 
roll is defined as the prober arm horizontal in the 
chamber and parallel to the floor.  
 
Probe data is acquired identically for each probe arm 
pass.  That is, the probing starts with the receive 
antenna, which is placed in the “home position,” at the 
right edge of the probe arm, looking uprange toward the 
reflector. At each scan location, the data acquisition 
software acquires data, then commands the probe arm 
receive antenna to move to the next location where a 
new sample is acquired.  When the receive antenna has 
reached the final sampling location, at the left side of 
the probe arm, data acquisition is terminated and the 
data is store and processed resulting in plots for review 
and analysis.  At this point, the receive antenna is 
returned to the “home position” and the polarization is 
changed or the probe arm is rolled to the next roll angle 
to collect the next data set.  
 
 Antennas 
 
Proper feed antenna selection is critical to optimizing 
the size and quality of the Quiet Zone. The radiation 
illumination pattern from the feed antenna will 
determine the amplitude taper of the collimated plane 
wave in the Quiet Zone. If the radiation pattern is too 
small, the reflector will be under illuminated resulting 
in a smaller Quiet Zone. If the reflector is substantially 
over illuminated by the feed antenna, the signal strength 
of the plane wave will be effectively reduced, thereby 
resulting in a lower signal to noise measurements.   
 
For each feed antenna used, phase center alignment to 
the reflector’s focal point position was performed. 
The feed antenna can be adjusted in translation left, 
right, up, and down relative to the boresight axis of the 
feed antenna.  It can also be adjusted in azimuth, 
elevation and forward and aft along the boresight axis. 
For example, when the phase data has a curved 
parabolic shape, translating the feed antenna along its 
boresight axis will correct the alignment and result in a 
linear phase curve. 
 
The antenna selections for this study was based on 
radiation patterns, bandwidth, and availability from the 
existing antenna inventory. Table 1 provides a summary 
of the feed antennas and corresponding prober arm 
receive antennas used for each measurement band. Both 
the transmit and receive antennas were shrouded with 
RF absorber to minimize scattering from stray signals 
and room reflections. 
 
Three different feed antennas were used during the field 
probe data collection. The first feed antenna used in the 
probe study was ETR’s original Ohio State University 
(OSU) custom built bowtie antenna (Reference 3). The 
OSU antenna was specifically designed to properly 
illuminate the ETR compact range reflector across the 
frequency band from 300 MHz to 18 GHz. The half 
power beamwidth was designed to be approximately 60 
degrees in both the E and H planes. Two different 
receive horn antennas were needed to cover the entire 
transmission bandwidth of the bowtie feed antenna, 
requiring the probe measurements to be conducted in 
two bands: 0.3 to 6 GHz and 2 to 18 GHz.  An AEL 
H-1734 ridge feed antenna was used as the receive 
antenna for the 0.3 to 6 GHz band and an AEL H-1498 
was used for the 2 to 18 GHz band. 
 
The second feed antenna used to illuminate the compact 
range reflector was a Seavey OSA-77C. This dual 
polarized circular antenna has a gain of -12 dB and 3 dB 
beamwidth of 60 deg. The same AEL H-1498 was used 
as the prober arm receive antenna for this band. While 
the antenna performance began to fall off beyond 8.4 
GHz, the probe measurements were carried out up to 9 
GHz to maintain a 2 GHz operational bandwidth to 
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provide sufficient range resolution to effectively 
incorporate software time domain gates.  
 
The third feed antenna used in the probe measurements 
was the Millitech SFH-28-R31560N A17503 and 
covered the frequency band from 22 to 34 GHz. This 
antenna is dual polarized and was selected because of its 
performance ability to provide a sufficient Quiet Zone 
size and quality to accommodate measurements of a 3-
meter, high gain antennas. The DRG SAS-574 was used 
as the receive antenna on the prober arm for 
measurement across the 22 to 34 GHz band. 
 
 Measurement Setup  
 
The hardware instrumentation schematic used for the 
probe measurements is shown in Figure 10.  During the 
data collection, an Agilent Technologies Programmable 
Network Analyzer (PNA) Model E8364C was operated 
in the S21 mode using a standard antenna measurement 
configuration.  Some measurements required the use of 
transmit and/or receive amplification to improve the 
measurement response. The IF bandwidth was set to 700 
Hz and averaging was set to 8 samples to improve the 
signal to noise ratio for each measurement.  Software 
time domain gating was utilized to improve the 
measured response by eliminating spurious room 
reflections.  The specific configurations utilized to 
gather data samples in each of the characterized 
frequency bands is presented with its corresponding 
data plots.  A summary of the band setups are presented 
in Table 1. 
 
 Data Acquisition Measurements  
 
A custom built Windows LabVIEW application was 
developed to interface with the RF hardware and prober 
arm positioning motor to control the data collection and 
processing. The application provides a Graphical User 
Interface (GUI) that allows the operator to configure 
and control the operation of an Agilent PNA and the 
linear traverse (probe arm). Dialogs within the 
application allow the various operational parameters to 
be defined and set for the PNA, probe arm, and data 
storage management at the start of each run.  During the 
data collection activity, acquisition progress can be 
monitored on GUI.  Additionally within the application, 
the data collection sequences can be automated; that is, 
given a sequence of traverse positions, the application 
positions the receive antenna along the traverse, initiates 
a data acquisition request, collects the acquired response 
data, and stores it to the local disk. 
 
The significant PNA control parameters entered by the 
acquisition software include the following: 
 Frequency Band 
 Frequency Step Size 
 Polarization 
 Number of data averages 
 Software Gate Locations 
 IF Bandwidth 
 Probe Arm Scan Step Size 
 
Quiet Zone Probe Data  
 
 Probe Band 2 GHz to 18 GHz 
 
For this test setup, Quiet Zone probe data was acquired 
from 2.0 to 18.0 GHz, using the ETR facility Bowtie 
antenna to transmit (S1) and an AEL-1498 broadband 
horn antenna to receive (S2).  Images of these antennas 
and the significant input settings used to collect this data 
are presented in Figure 11.  For this setup, the probe arm 
step size was set to 1.0 inch. Typical frequency 
performance data for this setup is presented in Figure 12 
for both H-pol and V-pol.  The frequency response data 
shown in Figure 12 is for the probe at the arm center 
location. 
 
Data for this setup is presented in Magnitude, dB, and 
Phase, deg, of the received signal at the S2 receive 
antenna location as a function of probe position for both 
horizontal and vertical polarized antenna positions, and 
is shown in Figures 13a to 13p.  The probe position is 
defined in Figure 8, where home position is with the 
probe located 0 inches from the right side of the prober 
arm (looking uprange), and probe position 168 inches is 
on the far left side of the arm.  Probe data is presented 
for probe arm roll angles of 0, 45, -45, and 90 deg.  The 
roll angles are referenced in each figure title. 
 
Generally, the magnitude data shows a flat response 
across the entire prober length and across the frequency 
band indicating that the Bowtie Antenna fills the 
parabolic portion of the reflector effectively.  The phase 
data is also generally flat, indicating that the feed 
antenna is properly positioned at the reflector focal 
point.  In general, the Quiet Zone size for this setup can 
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be said to be 14 ft by 14 ft.  Table 2 provides a summary 
of the mean and standard deviation for the H-pol and  
V- pol data at 0 and 90 deg prober roll angles for 2, 6, 
10, 14 and 18 GHz. 
 
 Probe Band 0.3 GHz to 6.0 GHz 
 
Quiet Zone probe data was acquired from 0.3 to 6.0 GHz 
using the ETR facility Bowtie antenna to transmit (S1) 
and an AEL-1734 broadband horn antenna to receive 
(S2).  Images of these antennas and the significant input 
setting for these data are presented in Figure 14.  For 
this probe setup, the probe arm step size was set to 1.0 
inch.  Typical frequency performance data for this setup 
is presented in Figure 15 for both H-pol and V-pol.  The 
frequency response data shown in Figure 15 is for the 
probe at the arm center location. 
 
Data for this setup is presented in Magnitude, dB, and 
Phase, deg, of the received signal at the S2 antenna 
location as a function of probe position for both 
horizontal and vertical polarized antenna positions in 
Figures 16a to 16v.  Probe data is presented for probe 
arm roll angles of 0, 30, 60, 90, -30, and -60 deg.  The 
roll angles are referenced in each figure title. 
 
Generally, the magnitude data shows a good Quiet Zone 
response across the entire prober length. The phase data 
shows generally flat measurements across the entire 
prober length, also indicating good feed alignment and 
reflector performance.  The -30 deg roll data in both 
polarizations shows a small linear step in both the 
amplitude and phase curves due to intermittent 
movement of the receive antenna cable when the prober 
arm located the antenna near the 30 inch position in  
V-pol and the 80 inch in H-pol.  In general, the Quiet 
Zone size for this setup is 14 by 14 ft above 1.0 GHz 
and less than 13 ft by 13 ft below 1.0 GHz. Table 3 
provides a summary of the mean and standard deviation 
for the H-pol and V-pol data at 0 and 90 deg prober roll 
angles for 0.3, 0.65, 1, 3 and 6 GHz.  
 
 Probe Band 7.0 GHz to 9.0 GHz 
 
Quiet Zone probe data was acquired from 7.0 to 9.0 GHz 
using a circular antenna Seavey OSA-77C to transmit 
(S1) and an AEL-1734 antenna to receive (S2). Images 
of these antennas and the significant input setting for 
these data are presented in Figure 17.  Precision probing 
was conducted for this band and data was acquired at 
0.2 inch intervals.  An Agilent Amplifier 83071A was 
connected to increase the transmit power. Typical 
frequency performance data for this setup is presented 
in Figure 18 for both H-pol and V-pol.  The frequency 
response data shown in Figure 18 is for the probe at the 
arm center location. 
 
Data for this setup is presented in Magnitude, dB, and 
Phase, deg, of the received signal at the S2 antenna 
location as a function of probe position for both 
horizontal and vertical polarized antenna positions in 
Figures 19a to 19bbb.  In this band, the probe data was 
acquired every 15 deg of probe arm roll from ±90 deg.  
The roll angles are referenced in each figure title. 
 
In general, probe data presented in Figure 19 has more 
fall off at the probe arm edges compared to the 
previously presented data.  However, in general, the 
majority of the probe data is within the 2 dB limit across 
the extent of the probe area. Data approaching 9 GHz in 
V-pol was an exception to this, with significant fall off.  
This effect is due to the transmit feed antenna’s 
performance falling off beyond 8.4 GHz, as specified 
earlier.    
 
The high spatial density of this data collection in this 
band (data points every 0.2 inch. and probe arm roll 
angle every 15 deg) allows the magnitude data to be 
summarized by a representative 2-dimensional plot 
showing the magnitude value as a shaded color.  These 
plots provide a quick look at the uniformity of the Quiet 
Zone plane wave.  Data was interpolated between the 
roll angle cuts.  Figures 20a to 20j present summary 
plots for both H-pol and V-pol at frequencies of 7.0, 7.5, 
8.0, 8.5, and 9.0 GHz.   
 
Figures 20a to 20j provide several useful details. First, 
by shifting into standard polar coordinates, the center of 
the plot is now the zero radial location corresponding to 
the center of the probe arm.  The view of these plots is 
looking uprange toward the reflector with the probe arm 
“home position” on the right edge as always.  However, 
that location now has a value of 83.5 inches.  The other 
coordinate change in these plots is the conversion of the 
±180 deg roll angle convention into a standard 0 to 360 
deg polar angle.  0 deg roll is still on the right looking 
uprange and +90 deg roll is 90 deg on the plot. But the 
original -90 deg roll and the corresponding negative roll 
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angles are now identified as roll 270 deg to 360 deg. 
 
Other useful details in these plots include the peak value 
of the summarized data, which is marked with an “x.” 
The peak value is shown at the top right corner of the 
plot.  This peak value is used to set the upper scale of 
the color bar to the nearest ½ dB greater than the 
maximum value.  The color scale is set in ½ dB 
increments. The color change at 2 dB down from the 
upper end of the scale (Quiet Zone limit criteria) is set 
to be distinct, with dark green and bright blue on either 
side, so that the edge of the Quiet Zone can be easily 
seen.  Additionally, an isoline is drawn at a value that is 
exactly 2 dB less than the maximum measurement.  This 
provides a more precise depiction of the Quiet Zone 
edge for instances when the maximum value occurs near 
the lower boundary of the highest color interval. 
 
As shown in Figures 20a and 20b, virtually the entire 
probe area is within the Quiet Zone limit criteria  of 
±1 dB taper and ±12 deg phase, with the exception of 
the vertical probe cut at 270 deg, where a portion 
exceeds the amplitude taper metric (see transition from 
green to blue in figure).  By contrast, Figure 20j shows 
that, where the antenna does not perform well at 9 GHz, 
a large portion of the Quiet Zone limit criteria is not met. 
 
In general, for this 7 to 9 GHz (S1 antenna is Seavey 
OSA-77C) setup, the Quiet Zone can be defined as 13 ft 
by 13 ft with the exception of 9 GHz.  At 9 GHz in V-
pol the antenna used is not acceptable for standard target 
testing.  Table 4 provides a summary of the mean and 
standard deviation for the H-pol and V-pol data at 0, 90, 
and -90 deg prober roll angles for 7, 7.5, 8, 8.5, and 9 
GHz. 
 
 Probe Band 31.0 GHz to 33.0 GHz 
 
Quiet Zone probe data was acquired from 31.0 to 
33.0 GHz using circular antenna Millitech SFH-28-
R31560N A17503 to transmit (S1) and a DRG SAS-574 
to receive (S2).  Images of these antennas and the 
significant input setting for these data are presented in 
Figure 21.  Precision probing was conducted for this 
bandwidth at intervals of 0.2 inches. A Lambda 
RLNA16G32G amplifier was connected upstream of 
the transmit antenna to boost the signal. Typical 
frequency performance data for this setup is presented 
in Figure 22 for both H-pol and V-pol.  The frequency 
response data shown in Figure 22 is for the probe at the 
arm center location. 
 
Data for this setup is presented in Magnitude, dB, and 
Phase, deg, for the received signal at the S2 antenna 
location as a function of probe position for both 
horizontal and vertical polarized antenna positions in 
Figures 23a to 23zz.  To respond to the customer 
requested precision, probe data is acquired every 15 deg 
of probe arm roll from ± 90 deg.  The roll angles are 
referenced in each figure title. 
 
At Ka band with very short wavelengths, any small 
imperfections in the reflector surface geometry will 
result in a non-uniform plane wave.  The magnitude 
scale for these data plots have been reduced to a total 
span of 10 dB, which allows the amplitude irregularities 
to be more pronounced.   Based on probe measurements 
collected prior to the reflector resurfacing, the plane 
wave performance has improved. (see Reference 1).   
 
The phase data also demonstrates the performance 
sensitivity at Ka band.  Phase deviation is extremely 
sensitive to shifts in the location of the receive antenna 
and reflector surface irregularities.  This is seen in the 
shift in the slope of the phase data at probe arm roll 
angles that are larger than ± 30 deg.  It is believed that 
the source of the linear phase bias deviation is the result 
of the rotation plane of the probe arm roll axis being 
slightly misaligned with the transmit field.  Specifically, 
the linear phase bias indicates the receive antenna is 
slightly up range or down range from the 0-degree roll 
angle due to a slight tilt of the prober arm roll axis. 
 
Figures 24a-24j show 2-dimensional summary plots of 
the Ka band data.  In general, these plots indicate that 
the transmit antenna could have been better aligned, yet 
the Quiet Zone covers the majority of the probed region. 
This slight misalignment is also seen in the plots in 
Figure 23a to 23zz, in the slope of the phase data at some 
probe arm positions.  Near 33 GHz the Quiet Zone is 
reduced due to the transmit antenna, which is optimized 
for 31.5 GHz—but not for 33 GHz. 
 
In general, for this 31 to 33 GHz setup, the Quiet Zone 
can be defined as 11.5 ft by 11.5 ft.  At these 
frequencies, antenna alignment is sensitive and crucial 
to achieving the largest possible Quiet Zone.  Table 5 
provides a summary of the mean and standard deviation 
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for the H-pol and V-pol data at 0, 90, and -90 deg prober 
roll angles for 31, 31.5, 32, 32.5, and 33 GHz. 
 
 Probe Band 22.0 GHz to 34.0 GHz 
 
A relatively coarse Quiet Zone probe was conducted 
between 22 and 34 GHz to assess this broader higher 
frequency performance.  For this setup, a customer 
provided circular antenna, Millitech SFH-28-R31560N 
A17503, was used to transmit (S1) and a DRG SAS-574 
antenna was used to receive (S2) along with a Lambda 
RLNA16G32G amplifier connected on the transmit 
antenna feed. Images of these antenna and the 
significant input setting for these data are presented in 
Figure 25.  Typical frequency performance data for this 
setup is presented in Figure 26 for both H-pol and  
V-pol.  The frequency response data shown in Figure 26 
is for the probe at the arm center location. 
 
Data for this setup is presented in Magnitude, dB, and 
Phase, deg, of the received signal at the S2 antenna 
location as a function of probe position for both 
horizontal and vertical polarized antenna positions in 
Figures 27a to 27l.  For this setup, probe data was only 
acquired at roll angles of 0, 45, 90 deg.  The roll angles 
are referenced in each figure title. 
 
Generally, the probe data shows good Quiet Zone 
performance across the entire probe region.  There is 
evidence that the transmit horn alignment could be 
improved.  At 0 degree roll in H-pol, the amplitude plot 
shows slightly higher levels from 80 to 168 inches. The 
phase plot for this same test shows a significant taper 
from 0 to 30 inches. This suggests that the feed antenna 
was not pointed at the exact center of the reflector and 
was biased slightly toward the right side of the reflector.  
Better alignment would improve both the amplitude bias 
and phase taper. 
 
Utilizing the precision probe data in the previously 
discussed Ka band section (31 to 33 GHz), combined 
with this broader high frequency scan, the Quiet Zone 
size for this setup of 22 to 34 GHz is 11.5 ft by 11.5 ft.  
Table 5 provides a summary of the mean and standard 
deviation for the H-pol and V-pol data at 0 and 90 deg 
prober roll angles for 22, 26, 30, and 34 GHz. 
 
Summary 
 
NASA Langley Research Center Experimental Test 
Range is a compact range, indoor facility designed 
for broad frequency use i n  m e a s u r i n g  antenna 
performance and electromagnetic scattering.  The 
accuracy of these measurements is directly 
dependent on the quality of the illuminating field. 
Field uniformity probing of the ETR Quiet Zone was 
conducted across the entire operating frequencies of the 
facility to establish the performance and resulting Quiet 
Zone area at various frequencies. 
 
Data is presented from 0.3 to 34 GHz using a variety of 
transmit and receive antennas.  It should also be noted 
that, for this probe study, the backwall door was kept 
open because it was not populated with absorber and 
range filtering was used to suppress returns from outside 
the test volume. 
 
The Quiet Zone is located roughly in the middle of the 
40 ft by 40 ft by 100 ft facility.  Generally, the Quiet 
Zone dimensions for the various transmit and receive 
setups discussed in this report, are as follows: 
 
 0.3 GHz to 1.0 GHz  13 ft by 13 ft 
 1.0 GHz to 18 GHz 14 ft by 14 ft 
 22 GHz to 34 GHz 11.5 ft by 11.5 ft. 
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